Background: Chronic mucus hypersecretion is a common feature in chronic obstructive pulmonary disease (COPD) and is associated with epidermal growth factor (EGF) activity. Aberrant EGF and its receptor signalling can cause airway hyperproliferation, increase in mucous cell differentiation and mucus hyperproduction. Furthermore, it can also promote subepithelial fibrosis and excessive collagen deposition in COPD. The objective of this research was to investigate the plasma levels of EGF in smokers with COPD in comparison with clinically healthy smokers. In addition, the relationship between the plasma levels of EGF and clinical features was investigated. Methods: A cross-sectional study included 82 clinically stable male patients with mild-to-very severe COPD (mean age: 64.5±8.6 years), and the control group consisted of 86 healthy male smokers (mean age: 61.6±9.5 years). To define COPD, we performed spirometry and classified COPD using Global Initiative for Chronic Obstructive Lung Disease (GOLD) classification. We analyzed the levels of EGF by enzyme-linked immunosorbent assay in plasma. Results: The mean serum levels of EGF were significantly lower in smokers with COPD than those in controls (69.30 and 83.82 pg/mL, respectively, p = 0.046). The plasma levels of EGF were significantly different (p = 0.004) between mild COPD and moderate-to-very severe COPD. There were no significant differences between the levels of EGF in plasma of spontaneous sputum producers (COPD patients) vs. nonsputum producers (p = 0.101) and between nonexacerbated COPD and exacerbated COPD patients(p = 0.138). Conclusions: There is a significant difference in the plasma levels of EGF in male smokers with COPD as compared with male healthy smokers. Our findings suggest that the plasma levels of EGF may contribute to the pathogenesis of COPD.
involved in activation leading to mucin production in response to noxious stimuli (8, 12) . It is suggested that disrupting the EGFR cascade that leads to mucus production is beneficial in airway inflammatory (hypersecretory) diseases (13) . How circulating EGF levels relate to COPD is not clear. Therefore, we conducted this cross-sectional study to investigate whether healthy smokers and smokers with COPD express different plasma EGF levels that could explain their increased risk of COPD. Two distinct groups were selected for the purpose of comparing cytokine profiles: a study group of smokers with COPD and a control group of healthy smokers.
Methods
This research was a cross-sectional observational study. It involved COPD male smoker patients who were randomly selected from Harum Melati Pulmonology Clinic and male healthy smokers who lived around Pringsewu district, Lampung Province, Indonesia. The study was conducted from January 2018 to October 2018. Participants were at least 40 years old and had a smoking history (evaluated by the Brinkman Index: the number of cigarettes smoked per day multiplied by the number of years of smoking), and they had no clinical manifestations of lung cancer, infections and other lung diseases. All of them performed spirometry at enrolment and at baseline and completed standardized questionnaires including socio-demographic information and smoking history.
Introduction
Chronic obstructive pulmonary disease (COPD) is one of the world's major health problems. COPD is a silent killer in low and middle-income countries. An estimated 328 million people have COPD worldwide. It is already the third leading cause of death worldwide (1) . COPD is characterized by chronic airflow limitation caused by a combination of small airway inflammation and parenchymal destruction (2, 3) . Furthermore, abnormalities in COPD develop slowly and usually become apparent after 40 or 50 years of age. The most common symptoms of COPD are breathlessness, chronic cough and sputum production (4). Daily activities can become very difficult as the condition gradually worsens. Subjects with COPD also frequently experience exacerbations, that is, serious episodes of increased breathlessness, cough and sputum production that last from several days to a few weeks (5) . Airway mucus hypersecretion is a serious and presently untreatable symptom of COPD. Activated neutrophils recruited to the airways (and their secreted products) play several key roles in mucus hypersecretion. Enhancement of neutrophil function by the bronchial epithelium is stimulated by epidermal growth factor (EGF) (6, 7) . Related to this, EGF influences the proliferation of many lung structural cells, such as fibroblasts, airway smooth muscle cells and the turnover of matrix proteins. They may be involved in airway repair and remodelling processes (8) . Binding of EGF to the EGF receptor (EGFR) leads to the activation of several key downstream signalling pathways (9) . Activation of these pathways leads to cell proliferation, adhesion, migration and angiogenesis. Aberrant expression of growth factors is linked to tissue remodelling in response to cigarette smoke in COPD patients (10) . In line to hypersecretion, mucin production is activated in part by the stimulation of the EGFR pathway through neutrophils and macrophages. Levels of EGFRs are higher in COPD patients (11) . EGF and EGFR are important players in regulating mucus production in airway epithelium and in the repair of epithelium after injury. They were found to be 
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Results
Baseline characteristics of the subjects are listed in Table 2 .
The COPD subjects included in this study were generally similar to the controls but slightly older and had lower Brinkman Index. There were significant differences in pulmonary function between the male COPD smokers and the control male healthy smokers. In terms of EGF level, there was a significant difference of EGF level in COPD patients as compared to controls. COPD patients had a significantly lower mean level of plasma EGF as compared to controls (69.30 pg/ mL in COPD patients and 83.82 pg/mL in healthy smokers, p = 0.046; Table 3 ). Furthermore, we performed the comparison analysis between univariate for the plasma levels of EGF and potential confounding variables as summarized in Table 4 . We suggested that the plasma level of EGF from mild airflow limitation (GOLD 1) was noticeably higher than moderateto-very severe airflow limitation (GOLD 2-4). In addition, the distribution of EGF values in the subgroups of patients as shown in Figure 1 . Moreover, there were no significant the Indonesian population (14) . In this view, the diagnosis of airflow obstruction is based on a specific cut point for the FEV 1 /FVC ratio of <0.76 (absolute value) after bronchodilator and FEV 1 <80% predicted (Table 1) . Based on the reference above, male subjects over 50 years old with a post-bronchodilator FEV 1 /FVC ratio of <76% were classified as having airway obstruction (14) . On the other hand, after the obstruction was diagnosed, the classification of airway limitation severity in COPD was categorized based on the Global Initiative for Chronic Obstructive Lung Disease (GOLD) (2). One hundred and sixty-eight current and former smokers participated in this study and lung function test was performed in all of them. All subjects were male. No differences were observed for age, and cumulative tobacco exposure at the time of the evaluation was observed between the COPD and control groups. Subjects with COPD had lower absolute values of FEV 1 , FVC and FEV 1 /FVC ratio. Patient characteristics and physiological measurements of both groups are summarized in Table 2 .
Determination of plasma levels of EGF
All of the participants' blood was collected into Vacutainer ® tubes. Blood specimens were centrifuged (2,000 × g), and aliquots stored at -80 until laboratory analysis was performed. Plasma levels of EGF were measured using Quantikine ® ELISA Human EGF (R&D Systems, Inc., Minneapolis, USA; Cat: DEG00, Lot: P165621, ED: 21 May 2019) following the manufacturer's instructions. The detection limits were 0.266 pg/mL. A Microplate Reader Bio-Rad model people. The procedure of this study was adjusted to the recommendations of the American Thoracic Society (ATS). So that it could be compared if there were other researchers who would carry out the same research. By providing Indonesian lung standard values, we can diagnose airflow obstruction effectively for Indonesian population. According to this survey, the normal absolute value of FEV1/FVC ratio in men over the age of 51 years is 76%. Therefore, in that age, the value of FEV1/FVC that was <76% was categorized as obstruction. It is different from GOLD criteria that determine the diagnosis of COPD with an FEV 1 /FVC value of <70%. Therefore, we used this step because the value of lung function based on GOLD criteria was not appropriate when conducted in Indonesia. The value of lung function is strongly influenced by ethnicity, habits, and environment (14) .
In the case of EGF, it was demonstrated that it stimulates human airway smooth muscle proliferation (15) . An increased EGF expression was reported in the epithelium and submucosal cells of patients with chronic bronchitis (16) . This growth factor was a ligand for the EGFR that was synthesized as transmembrane precursors and subsequently released by proteolytic cleavage as biologically active mature proteins. EGF has been shown to participate in epithelial repair processes and airway remodelling both in vitro and in vivo in models of lung disease (17) .
The main finding of this study showed that smokers with COPD have lower plasma levels of EGF as compared to healthy smokers. The lower plasma levels of EGF may result in the activation of a combination of small airway inflammation and parenchymal destruction. It was shown that there is a higher EGFR expression in intact lung epithelium and higher EGF level expression in damaged lung epithelium of ex-smokers with COPD compared with former smokers without COPD (11) . But in our finding, plasma level of EGF in COPD patients was lower. A possible explanation for this decrease was caused by epithelial repair which was disturbed in patients with COPD owing to higher expression of EGF the lung and overused EGF in plasma. Consistent with our result, a study in smokers by using computed tomography which detected emphysema and no airway obstruction showed decreased plasma levels of EGF (18) .
In the present study, the plasma EGF level in mild airflow limitation was found higher than moderate to very severe airflow limitation. This is in contrast to the finding of Cockayne et al. who reported an increased serum heparin-binding EGF (HB-EGF) being associated with COPD disease severity (19) . There were highly elevated circulating levels of EGF in the differences of the plasma EGF level in patients with sputum production and COPD exacerbation in the COPD group.
Discussion
In this study, we determined the airway obstruction based on the normal pulmonary value of Indonesian population.
Using the normal values of lung function of other countries would certainly not be the right decision, because it will change the value of predictions and the conclusions serum samples of COPD patients, with a median of >50-fold increase over levels in controls. Generally, the demand for EGF in COPD is increased. This was supported by other researchers who showed that EGF has been reported to be elevated in the bronchial epithelial cells of COPD patients (20) , particularly in damaged epithelia (11) . HB-EGF contributes to COPD disease severity by modulating airway fibrosis and pulmonary epithelial-mesenchymal transition (10) . Furthermore, the study by Cornwell et al. who investigated COPD associated with bronchoalveolar lavage levels of EGF (21) . Sputum HB-EGF expression was significantly increased in patients with COPD compared with nonsmokers and smokers without COPD. There was a significant positive correlation between sputum HB-EGF and COPD assessment test (CAT) score. HB-EGF expression was significantly increased in the lung tissue samples of patients with COPD and associated with collagen deposition and N-and E-cadherin, and vimentin expression. In vitro, HB-EGF promoted collagen production in lung fibroblasts. Moreover, HB-EGF induced the EMT process through induction of N-and E-cadherin, and vimentin expression in HBE cells. Collectively, HB-EGF induces airway remodelling by modulating airway fibrosis and pulmonary EMT and contributes to the COPD severity (22) . Although the production of EGF is increased, it seems that the epithelium needs it for repairing. Therefore, a great amount of EGF is used, causing a decrease in the blood level. It conclusion was supported by the current study. In this study, there was no significant difference in the plasma level of EGF in patients with increased sputum production and COPD exacerbation. On the contrary, EGF can increase the expression of MUC5AC, a mucin associated with airway obstruction in COPD (23) . EGF also activates fibroblasts and stimulates their proliferation (20) , however, cigarette smoke, in the absence of the clinical presentation of COPD, it has been implicated in mucus production in airways via activation of the EGFR (24, 25) . Smoking upregulates a systemic pattern of neutrophil and macrophage chemoattractant expression, and it was correlated significantly with the development of goblet cell hyperplasia (26) .
Conclusions
We conclude that smokers with COPD have a distinct EGF plasma profile when compared to smoker subjects without COPD. Lower levels of EGF may be involved in airway epithelial repair and airway remodelling, mechanisms that lead to a higher COPD risk. Larger prospective studies are needed to support our findings, and to investigate whether other discordant cytokine profiles might clarify for variations in the systemic manifestations within a given population.
